Although pulmonary edema has been studied as an entity by clinicians and physiologists since the time of Albertini,1 confusion about the course of events leading to the recognizable clinical signs has persisted until the present. Some of this confusion has been due to the tendency on the part of medical scientists to favor a unitary hypothesis for any phenomenon which seems to be circumscribed within a single organ and physiologic framework. By now the multiplicity of events leading to the phenomenon of lung edema has been thoroughly aired,2'8 but there still remains a common focus for all types of pulmonary edema-the excessive accumulation of fluid in the pulmonary pericapillary tissue spaces.
In a broad sense, edema is a state in which the normal balance of fluid interchange between blood capillaries and tissue spaces or body cavities is disturbed, leading to an accumulation of plasma filtrate. Although edema is frequently a generalized phenomenon, it is most dramatic when it affects the lung and pleural spaces, the pericardial space, or the brain. This is not because of any fundamental difference in the mechanism of the edema, but rather in the nature of the target organ. Furthermore, the anatomical structure and physiological function of each organ will determine the variable importance of the numerous factors responsible for edema formation.
A few years ago, a report from this laboratory posed several questions which had to do with the role of vascular pressure, anoxia, nervous vasomotor control, and ventilation in the genesis of edema of the lung.' Since the studies of Welch in 1878,' these and other questions have guided investigators into countless experiments. The answers to these questions are gradually developing, but we are beginning to see that many of the factors which have been implicated can be quite variable, and all need not be present at any one time.
Long ago clinical observation led many observers to divide edema of the lung into acute pulmonary edema and chronic passive congestion.' The former is due to a complex of factors which differ according to the cause, and the latter is entirely the result of left heart falure.' Early studies of Welch5 led many people to assume that all edema of the lung was a manifestation of left heart failure. This is an improper deduction from his experiments and it is doubtful that he implied an exclusive cause. Certainly the experiments of Cataldi, 7 in which injury to the right ventricle of the heart produced pulmonary edema more often than injury to the left, demonstrated that a gross disproportion in the outputs of the two ventricles was not the primary cause of pulmonary edema. Many other observations have confirmed the possibility of pulmonary edema in the absence of left ventricular failure. Cameron8 has emphasized the inadequacy of Welch's experiments for explaining all types of pulmonary edema. Most of the pertinent data in this regard have been summarized by Luisada.8 Although it is evident that many different causes and many different combinations of factors are involved in edema of the lung, an analysis of the local phenomena common to all known categories of pulmonary edema should be worthwhile. This paper is an attempt to present such an analysis, drawing on published data as well as observations from our own laboratory. A modification of the Starling hypothesis accounting for the capillary fluid imbalance found in pulmonary edema will be presented and tested against available observations.
For the purpose of this discussion, lung edema may be considered a specific instance of the general phenomenon of edema. The normal balance between the hydrostatic and osmotic pressures on either side of the pulmonary capillary wall is determined by established and demonstrable hemodynamic and physico-chemical principles. There is a slight and continued loss of fluid from the capillaries, and this is removed largely by lymphatic channels, although some may be removed via airways in the case of the lung. Changes in hydrostatic or osmotic pressures, capillary surface area, diffusion or permeability, lymphatic drainage, and pulmonary ventilation may alter this balance. Even in the presence of an otherwise stable equilibrium, an overall expansion of water and crystalloids in the circulating blood may lead to excessive accumulation of fluid in the lung tissue spaces and alveoli.
METHODS
In reporting previously published work from our own or other laboratories, methodological details will not be described because they are, in most cases, well presented in the original papers. In the case of hitherto unpublished work from our Lung edema J GRAY, FIELD own laboratory, the following general patterns of procedure apply. Studies involving cardiac catheterization of patients were carried out in the fasting steady state using customary techniques. Cardiac outputs were estimated by the Fick principle or by an isotope dilution technique previously described.' Lung function studies were accomplished using standard methods and the terminology and the symbols outlined in Comroe.' Essentially the same techniques were used in the animal studies. The method of cannulation of bronchi and pulmonary vessels has been described.' All respiratory gases were analysed by the Scholander method, blood gases by the RoughtonScholander method, electrolytes by standard laboratory technique, pH using a Cambridge research pH meter with a 37°water-jacketed glass electrode, and osmotic pressure using a Fiske osmometer. In the case of dog experiments, the anesthetic agent was Dial-urethane. Experiments on dogs in which the preliminary arterial oxygen saturation was below 90% or pH below 7.30 were discarded on the grounds that such dogs had unpredictable abnormalities. All dogs were breathing spontaneously, either room air or oxygen.
OBSERVATIONS AND DISCUSSION
The physical factors involved in the accumulation of fluid in the extracapillary tissue may be simply stated under four general headings: (i) the transmural (net) hydrostatic pressure; (ii) the net osmotic pressure; (iii) rates of filtration and lymph flow; and (iv) the total amount of circulating crystalloids and water. Transmural hydrostatic pressure is a function of arterial and venous pressure, arteriolar tone, venous tone, blood velocity and tissue hydrostatic pressure. The character of the tissue itself, i.e., rigid or compliant, will have a pronounced influence on hydrostatic pressure. The net osmotic pressure is related to the osmotic pressure of the intra-and extra-capillary fluids and the capillary membrane permeability. Filtration is determined by the physical properties of the membrane and the net filtration pressure. The electrical potential effect of the capillary membrane may be subsumed under filtration. Temperature gradients across the capillary membrane are probably significant, but little is known of their influence on edema. Lymph flow is a complex function, the obvious factors being the distribution of lymphatic channels (Fig. 1) , tissue pressure, muscular activity, and venous pressure at the point of discharge of the lymphatic into the venous system. The rate of lymph removal, by its influence on tissue pressure, will affect hydrostatic pressure. The total amount of crystalloid solution is also a complex function, the chief factor being renal regulation of salt and water excretion. The areas in which excessive accumulation of extra-capillary fluid may occur in the lung are illustrated in Figure 1 . They are the bronchial lumen, the bronchial wall, the peribronchial tissue spaces, the alveolar wall, the alveolar space, the interstitial space of the lung, the visceral and parietal pleura, and the pleural space.
Normally, homeostatic mechanisms keep osmotic pressure and the volume of circulating water and crystalloids reasonably constant; a reduction in lymph flow, although probably important in the gradual accumulation of edema in passive congestion, seems inadequate to account for the rapid development of massive acute pulmonary edema. One first looks, therefore, to hydrostatic pressure phenomena as major factors in edema formation, knowing that changes in the rate of blood flow and vasomotor tone can take place, for example, with varying amounts of physical activity. Assuming laminar flow in a uniform tube, a simplified expression of the factors involved in our use of the term hydrostatic pressure has been made by Green:'
where E is total energy; Z is potential head energy (height of the point above a reference plane); P is pressure head energy; V and g are velocity and gravity respectively; and V2/2g is the velocity energy or velocity head.
In this expression, Z may be ignored, since it approaches zero as the position and the reference planes are nearly identical when considering transmural pressures. Thus we can write: E =P + 2.
From this relationship it is clear that pressure head energy (exerted in all directions, hence laterally against the vessel wall) is directly related to total energy and inversely to velocity. Frictional loss, however, affects energy as follows.
where F is frictional loss; and the expression (P1-P2) refers to energy loss from up-stream to down-stream.* As F approaches zero, pressure and velocity losses become minimal. Thus for an ideal system with laminar flow we can say that if the total energy at the beginning of the pulmonary capillary bed remains constant, the lateral pressure will rise provided frictional energy loss or velocity decrease. The latter would occur if resistance beyond the capillary were to increase with constant precapillary energy; if the resistance increases, flow decreases. As the volume flow decreases, so will the velocity in the vascular channels proximal to the increased resistance, and the lateral pressure will rise. The frictional energy loss within the capillary diminishes if the viscosity of the blood falls, or if the ratio of endothelial surface area to moving blood volume decreases as when the diameter of a tube increases. For our purposes friction, including viscosity and vessel diameter, is considered part of resistance, but capillary resistance and post-capillary resistance will have opposite effects on capillary lateral pressure.
As lateral pressure rises, it will tend to distend the vessel, increasing the diameter, and frictional loss will diminish. A further increment to lateral pressure will thus develop, although much of the energy "saved" by less resistance will be used as velocity. A drop in resistance with an increasing pressure has been demonstrated.`2" This probably reflects the great distensibility of the capillary with only slight pressure changes until maximal distention occurs, after which the vascular pressure-flow relationship becomes linear.
Since transmural pressure is the difference between capillary pressure and tissue pressure, the latter deserves consideration. It is probably not correct to consider the tissue pressure equal to intra-alveolar pressure, since * As in the energy equation above, and for the same reason, Z is ignored once more.
there is a potential space between the capillary and alveolar walls. The alveolus is a polyhedron, with surface forces approximating those of a sphere and its wall has surface tension; thus, its radius is constantly tending to get smaller. According to the law of Laplace, the tension is proportional to the product of the pressure exerted on the wall times the radius. The pressure is the net pressure, the difference between the external and internal pressures. Since at the end of inspiration or expiration, the pressure inside the sphere is atmospheric (P1), we can formulate an expression for the outside or tissue pressure (P2) T =(P1-P2) X R, where T is surface tension; P1-P2 the difference between pressure inside and outside the alveolus; and R the radius.
In this case P1 is atmospheric and P2 below atmospheric. As R gets smaller, either T gets smaller or P2 (tissue pressure) gets more negative with respect to atmospheric pressure. In the latter case, the effective transmural filtration would increase. The converse would hold as R increases, and this might account to some degree for the relative infrequency of clinical pulmonary edema in emphysema. As the radius of an alveolus gets smaller, however, there must be a tendency for the capillary diameter to increase and the tissue pressure would thus be subject to an opposite force tending to balance the direct effect of the alveolar change. None of this takes into account forces within the alveolar wall membrane itself. Clearly the tissue pressure question cannot be resolved until an experimental approach is found.
The experiments of Welch5 demonstrated that failure of the left ventricle to eject a full quota of blood could be associated with pulmonary edema. More recently, Paine et al. confirmed this." Their method did not clearly exclude other reflexes, and some studies have suggested that reflexes are important in this experiment.'7 Cataldi7 was able to produce pulmonary edema only rarely with even severe damage to the left ventricle. Consequently, it seemed reasonable to demonstrate that pulmonary capillary pressure could at least be raised to levels above the oncotic pressure by left ventricular failure. Figure 2 shows the results of an experiment in which dogs were prepared beforehand by placing loose ligatures around the left anterior descending coronary artery and embedding the ligature ends under the skin of the chest wall for easy access later when, with an intact chest, occlusion of the coronary artery could be accomplished. Capillary pressure and stroke volume in experimental heart failure. The pressure rises significantly only when stroke volume cannot increase apace with load. Ligatures had previously been placed around the left anterior descending coronary artery with their ends embedded under the skin of the chest wall. They were pulled tight at the time the normal saline infusion (85 ml./K./hr.) was begun. Stroke volume and pressure studies were made one hour later.
ventricle in some dogs severely enough to preclude a normal response to increased filling pressure, whereupon, the pulmonary vascular pressure rose in proportion to the volume of fluid infused. This may not be quite analagous to the edema of heart failure in the absence of unusual saline loading of the circulation, but it does show that ventricular failure to meet a normally acceptable load rapidly leads to an elevated capillary pressure. Barring a change in capillary permeability or an incredible change in the rate of lymph flow, the accumulation of filtrate must have increased enormously in the above experiment. The animals did not survive long enough to develop clinically evident edema.
The importance of increased pulmonary capillary pressure in the genesis of pulmonary edema has been stressed."8'9 It may be the most important single factor.' However, the mechanism of this elevation and protective reflexes are variable and controversial.
Pressure in the pulmonary circulation can be raised by experimentally induced left ventricular failure as already indicated, or by obstruction at the mitral valve.' The question of an active increase in resistance at the pulmonary venous level is unsettled, but sound evidence is available that a "throttle" mechanism at the level of the pulmonary veins is possible." There appears to be no doubt that pulmonary venules in dogs' and guinea pigs, rabbits, and cats" are capable of active constriction.
Experimental pulmonary edema produced by adrenalin has been demonstrated for over half a century2"~and it has been known to produce pulmonary edema in guinea pigs,' rabbits,"'8 cats,2"' and dogs.' The precise effect on the filtration pressure is uncertain, however, since it appears capable, in the doses used, of producing left ventricular failure6 or at least raising the left atrial pressure,' suggesting a secondary cause for high filtration pressure. Some studies have suggested a constricting effect on pulmonary arterioles because of the high pulmonary artery pressure reported."72' Failure of the right heart relative to adrenalin was suggested by the work of Elkeles2' in which diodrast, injected into a peripheral vein, failed to enter the right atrium after adrenalin pulmonary edema. In a study of the effect of nor-epinephrine on dogs, we obtained results suggesting that pulmonary arteriolar constriction usually, but not always, prevents a rise in capillary pressure and prevents edema (Table 1) .
Femoral and pulmonary arterial and wedge pressures were recorded before and after the intravenous injection of 0.40 ml. (40 ,ug. of base) of levarterenol bitartrate per kilogram. Only the first dog had an increase in lungweight to body-weight ratio great enough to suggest pulmonary edema; this dog had no change in pulmonary arterial or wedge pressure, although a rise in femoral artery pressure was observed.
All of the other dogs had great increases in pulmonary artery pressure with little change in pulmonary wedge pressure, suggesting that an increase in pulmonary arterial resistance protected the capillaries against excessive filtration pressure. However, the evidence of edema in the first dog in the absence of a rise in pulmonary wedge pressure is puzzling. Since norepinephrine generally has little effect on blood flow, these data are, for the most part, the reflection of pressure phenomena, and the effect is probably exerted on arteriolar resistance. Whether high pressure in the pulmonary capillaries can lead to reflex increase in arteriolar resistance is not known conclusively. It has already been pointed out that high pulmonary vascular pressure decreases resistance."" This is probably a passive phenomenon, but increased capillary or venous pressure might reflexly increase arteriolar resistance. Former studies from our laboratory suggested such reflexes."
In another group of experiments the pulmonary veins draining the isolated left lower lobe of a dog's lung were ligated, the remaining vessels being patent, and the pressure in the right branch pulmonary artery noted. Figure 3 shows the results of such an experiment in seven dogs in which the cardiac output did not change significantly. The right pulmonary arterial pressure rose within minutes after ligation of the left lower lobe pulmonary vein in spite of the fact that only a small part of the pulmonary circulation was obstructed. When the left lower lobe pulmonary artery was ligated, no change was noted in the right branch pulmonary arterial pressure; thus, the pressure rise does not seem to be the result of the extra volume flow shunted into the right lung. Ligation of the left lower lobe pulmonary vein must have produced an increase in vascular resistance in the right lung which did not occur when the left lower lobe pulmonary artery was ligated. Von Euler and Liljestrande found a slight rise in pulmonary arterial pressure when the contralateral pulmonary artery was clamped but this rise, also observed by Carlens et al.' was not significant.
Sanger et al.' demonstrated clearly that this effect is mediated through the autonomic nervous system when they observed an increased pulmonary arteriolar resistance on infusing saline into the left pulmonary veins. The rise was not found after section of the branches of the thoracic vagus and bilateral thoracic sympathectomy. The sensitivity of the reflex is attested to by the experiment represented in Figure 3 in which merely occlusion alone without infusion produced the change. Ferguson and Berkas showed that edema could be produced when vascular pressures were raised by a systemic-pulmonary artery shunt with greater frequency after denervation." On the other hand, Rodbard has suggested that bronchomotor tone rather than arteriolar constriction governs pulmonary vascular resistance, but there is little direct evidence bearing on this point of view. This lack of correlation between pressure and edema has been noted by others.' One might expect that pulmonary capillary pressure could be raised by left heart failure, increased resistance to blood flow through the pulmonary veins or left heart, or by reflexes causing peripheral vasoconstriction with a shift of blood into the lungs. In some cases, reflex constriction of the pulmonary veins and shifting of blood into the lungs may be concomitant. Furthermore, once the pulmonary vascular pressure is raised, other phenomena may encourage or prevent edema formation. Pulmonary edema can be prevented by stellate ganglionic block,' reducing venous return by phlebotomy, and ganglionic blocking agents producing peripheral pooling of blood. ' Some of these regulating factors may influence the blood and tissue fluid osmotic pressure, capillary permeability, or lymph flow. The net osmotic pressure is not known precisely, since the osmotic pressure of tissue fluid is unknown. The latter is probably lower than that of lymph'9 and certainly lower than blood. Blood has an effective colloid osmotic pressure of about 25 mm. Hg, the net osmotic pressure being the difference between this and the tissue fluid osmotic pressure. Whatever the net difference may be, it does not seem likely that gross changes occur unless there are marked changes in capillary permeability. Crystalloids are usually thought to be freely diffusible through the capillary membrane, although studies with urea have cast doubt on this.' Proteins are not ordinarily diffusible, hence, changes in permeability to proteins could quickly alter the net osmotic pressure.
Studies of the fluid in pulmonary edema have suggested a protein concentration of up to three or four per cent2 or more,8 which is higher than in the case of the peripheral edema of heart failure. This suggests increased permeability in some cases but doesn't tell us whether the increased permeability is the result of initiating factors such as hypoxia, of reflexes, or simply of the high pulmonary capillary pressure exerted against the capillary walls. Greater capillary permeability may be part of the precipitating mechanism, and in turn be perpetuated by the hypoxia and high transmural pressure of pulmonary edema. Drinker has maintained that hypoxia is an important initiating event in the permeability change,' but the concept rests on indirect evidence.
Filtration of water and filterable substances is related to the physical character of the capillary membrane, i.e., thickness, structure, etc., and the filtration pressure. The latter is the resultant of the forces across the membrane, and the former may be expressed as a filtration coefficient: Fig. 4 ). This is roughly of the same order as right lymph duct flow measurements.= " When the transmural pressure difference is low and Kp high, pressure change has a great effect on flux, but when the reverse holds, Kp has a greater influence (see Fig. 4 ). Prolonged elevation of capillary pressure probably causes endothelial thickening which would lower Kp, thus shifting F back to a lower flow rate.
Similarly, increased intracapillary pressure might open wider the capillary pores or interstices through which protein molecules could escape. This would reduce the effective colloid osmotic pressure within the capillary, thus enhancing loss of fluid. In short, one can expect changes correlated with rises in hydrostatic pressure, but these changes are variable and might, in some cases, actually work in antagonistic directions.
The role of the capillary membrane is poorly defined experimentally, but in theory it is important. Drinker"8 attached great significance to the influence of hypoxia on capillary permeability, and there is evidence that permeability increases in anemia with or without congestive heart failure.' Temperature appears to be inversely related to the filtration coefficient." Stretching of the capillary wall has been implicated as a cause for increased permeability by widening pore size, but no direct experimental evidence exists in regard to lung capillaries. Cameron and De suggested direct vagal influence on capillary permeability.
Increasing the total intravascular volume of water and crystalloid will increase the filtration because simple diffusion would increase the amount of fluid on both sides of the capillary wall even if there were no osmotic effect; but in addition, the semi-permeable character of the membrane is such that the initial result of a water load is to lower the intracapillary osmotic pressure, thus diluting proteins and encouraging outward filtration until a new balance of forces is established. This may take as long as an hour.'
The maximum lymph drainage, which may be up to 60 ml./hour in dogs,' is such that animals with lymphatic obstruction develop edema over a period of hours. This would not explain the precipitous occurrence of edema seen in clinical acute pulmonary edema. Furthermore, there may be no lymphatics around the alveoli themselves"; hence the greatest area of transudation in lung edema is not directly affected by lymph drainage.
The possibility that there are changes in the electrolyte and water content of blood which occur as it traverses the capillary bed, in the course of pulmonary edema, has led to a series of experiments summarized in Table 2 . Edema was produced by injecting starch according to the method of Singer et al.,' or alpha naphthylthiourea (ANTU) as was done by Drinker,' Latta,' Richter,6' and Williams." During the period of the experiment (about one hour), the hemoglobin level was little altered by the procedure, nor was there a great change in electrolyte concentration or pH across the lung capillaries (Table 2 ). In the case of the ANTU experiments, crystalloid osmotic pressure rose after the injection but no transcapillary change occurred. In the case of starch experiments, pulmonary arterial pressure rose after the injection, probably as a result of embolism plus reflex effects on the pulmonary arterioles."'" Fluid loss from capillary transudation in pulmonary edema must lead to hemoconcentration, but the process appears to be so gradual that it is not easily measured. The consequent change in the physical character of the blood must be too slight to be of importance as a cause of further edema.
The intense cyanosis associated with severe edema of the lung testifies to the profound impairment of gas exchange. Edema of the pulmonary capillaries and airway passages usually does not interfere significantly with carbon dioxide exchange; however, oxygen uptake may be seriously impaired. This suggests that venous admixture, a capillary block due to be correlated with the pulmonary venous pressure (Fig. 5) . A gradual decline of oxygen saturation occurred as the pressure rose. At very high pulmonary venous pressures the saturation was extremely low. The same relationship was found between the pulmonary wedge pressure and the arterial oxygen saturation in a group of patients with mitral stenosis (Fig.  6) , except that the data could be grouped equally well about two additional slopes; the first relating pulmonary wedge pressure and oxygen saturation in a range of 4 to 28 mm.Hg, the second with a similar angle of slope but a higher level for a pressure range of 26 to 45 mm.Hg. Compensatory adjustments may lead to higher arterial oxygen saturations at a critical pulmonary capillary pressure level. The physiological dead space might be diminished with subsequent improvement of arterial oxygen saturation if perfusion channels were opened in hitherto poorly perfused but well ventilated areas of lung, or an increase in diffusing capacity might occur. Distention of the capillaries under high pressure could increase the diffusing capacity by increasing the capillary diffusing surface area, although such an effect is not easily demonstrated by current methods.' Hyperventilation may increase the diffusing capacity,' and in addition, it raises the alveolar oxygen tension. These results of hyperventilation are quite likely to raise the slope relating oxygen saturation to capillary pressure at higher capillary pressure levels. Hyperventilation might be mediated through baroreceptors in pulmonary vessels or the Hering-Breuer reflexes related to increased intrathoracic pressure fluctuations brought about by bronchial obstruction. Alveolar ventilation and diffusion studies were not done on the patients represented in Figure 6 .
Alternatively, prolonged exposure of the capillary wall to high pressure might alter its physical characteristics and its filtration coefficient. The importance of a decrease in the latter at high pressure is shown in Figure 4 . Thus, a patient with very high pulmonary capillary pressure existing over a long period of time might have less edema than one with less elevation 
CONCLUSIONS
Virtually the same volume of blood perfuses the lung capillaries as all of the other organs and tissues of the body combined. The net pulmonary capillary pressure is ordinarily low, but any appreciable increase in the volume of perfusion of the capillaries mediated through circulatory reflexes, or any increase in the resistance to flow beyond the capillary bed will raise the net capillary hydrostatic pressure unless the distensibility of the capillaries is high, or mechanical factors and vasomotor reflexes come into play to protect the capillary bed. Referring to Figure 1 , it becomes apparent that there is room for almost unlimited expansion of capillary volume, the limiting factor being the distensibility of the capillary wall itself. Even this could be ameliorated by opening new capillary channels or new pathways of venous drainage. The latter might occur if, for example, in the presence of pulmonary venous hypertension due to left heart failure, anastomoses between pulmonary and bronchial veins ( Figure 1) were to increase. The most direct mechanisms for preventing rises in pulmonary capillary pressure would be neurogenic constriction of the pulmonary arteries or an increase in intrapulmonary pressure due to airway obstruction because of bronchial mucosal edema or bronchospasm. The latter would reduce venous return.
There is ample evidence that net hydrostatic pressure may rise to edema levels, but there is also evidence that the factors leading to pulmonary capillary hypertension may be frustrated by protective reflexes or that, even though the pressure rises, changes in membrane permeability, tissue pressure, or lymph drainage can deter the development of edema. Although electrolyte and colloid osmotic pressure phenomena are very important, the evidence that significant changes occur in association with pulmonary edema is not conclusive at present.
Capillary membrane permeability remains one of the unknown factors of pulmonary transudation, although the anatomical position of the membrane suggests a key role. The membrane is endowed with a measureable filtration coefficient which is subject to the effect of physical and chemical influences, and probably nervous and hormonal control of this filtration coefficient plays a part in edema formation.
Lymph drainage is an obvious factor in capillary fluid exchange but present indications are that it is much more important in the slow, gradual edema accumulation of chronic passive congestion than in the rapidly extensive flooding of the lung characteristic of acute pulmonary edema.
In chronic passive congestion of the lung, alveolar edema and transudation in the visceral pleura probably proceed together, and when right-sided heart failure supervenes, the enormous transuding surface of the parietal pleura (perfused by systemic capillaries) contribute to massive pleural effusion (see Fig. 1 ). It is difficult to see why pleural effusion is not more common in acute pulmonary edema. The intrapleural pressure is more negative in relation to the atmosphere than the intra-alveolar pressure, hence with acute increases in capillary pressure, there should be a great outflow of fluid from the visceral pleura. Possibly the lymphatics in the pleura protect it in contrast to the alveoli where no lymphatics are present, or possibly in acute pulmonary edema, reflexes impair the permeability of the alveolar-capillary membrane but not the pleural capillary wall.
In short, all factors of the current hypotheses of capillary fluid interchange are concerned in edema of the lung, but their relative importance varies depending upon the circumstances leading to the edema, and no one factor can be considered the sine qua non of lung edema. The clinical character of the edema is more dependent on the cause and factors leading up to alteration of the capillary fluid interchange than it is on local phenomena. Thus, acute pulmonary edema is a rapid neurogenic phenomenon with a receptor organ, afferent pathways, central connections, and efferent pathways. It includes effector and suppressor systems. Chronic passive congestion is a more gradual response to left heart failure.
At the capillary level, edema accumulation, regardless of the cause or initiating pattern, is related to a change in the balance of net hydrostatic and osmotic pressures, membrane diffusion and lymphatic drainage, and the volume of circulating water and electrolytes. SUMMARY A review of the local phenomena of capillary fluid interchange in edema of the lung indicates that all of the known factors of transudation are impli-cated in edema of the lung, but with varying degrees of importance depending upon the circumstances producing the imbalance. Acute pulmonary edema differs from chronic passive congestion largely because of the neurogenic pattern of the former, and the exclusive role of left heart failure in the latter. At the capillary level, both involve the same principles of fluid interchange.
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